Obesity is a serious risk factor for metabolic diseases, such as atherosclerosis and type 2 diabetes mellitus. Obesity is caused by increasing adipose tissue mass via increasing cell numbers (hyperplasia) and adipocytes size (hypertrophy). Previous studies have found that natural bioactive compounds can be used to treat obesity. This study examined the anti-adipogenic mechanisms of brown rice (BR) and germinated brown rice (GBR) extracts (Khao Dawk Mali 105; KDML105 and Phitsanulok 2; PL2 cultivars) in 3T3-L1 adipocytes. The cytotoxicity effect of rice extracts was first measured by MTT assay and the non-toxic concentrations on triglyceride levels and expression of adipogenic, adipocytokine, and antioxidant genes were then investigated. The results showed that BR and GBR extracts at concentrations of 0.1, 0.5, and 1.0 mg/ml were not toxic. The triglyceride content in treated cells decreased significantly (P<0.05) in a dose-dependent manner. The mRNA expression of adipogenic (PPARγ, C/EBPα, C/EBPδ, C/EBPβ), lipogenic (SREBP-1c, FAS, aP2, LPL, ACC1, ACC2), and proinflammatory cytokine (TNFα, IL-6) genes decreased significantly (P<0.05) in treated adipocytes as compared to the control, whereas lipolytic (ATGL, HSL), adiponectin, and antioxidant (SOD2, GPx4, CAT) genes increased significantly (P<0.05). Furthermore, mRNA expression of preadipocyte gene (Pref-1) was stable in adipocytes treated with GBR from KDML105 for 19 days throughout the differentiation, in contrast to the untreated cells. This study showed that by modulating adipogenic, adipocytokine, antioxidant, and preadipocyte gene expression, brown rice and germinated brown rice treatments of both PL2 and KDML105 cultivars may help reduce obesity.
INTRODUCTION

3T3-L1 cell culture
3T3-L1 preadipocytes (#CL-173, ATCC) were grown in DMEM containing 10% FBS and 1% antibiotic-antifungal agent (Basal medium; BM) at 37°C in a 5% CO 2 incubator. After two days post-confluent, cells (day 0) were differentiated for three days in differentiation medium 1 (DM1) [BM, 1 mM IBMX, 2 µM DEX] (day 3) and for two days in differentiation medium 2 (DM2) [BM, 1 µg/ml insulin] (day 5). After cell differentiation finished, the cells were maintained and matured in BM, which was replaced with fresh BM on day 7 and 9.
Cell viability
To determine cell viability, 3T3-L1 cells were incubated with BR and GBR extracts at various concentrations (0, 0.1, 0.5, 1.0 mg/ml) for 24 hrs. The control cells received the same amount of DMSO (0.1% v/v) . After incubation, the medium was replaced with serum-free medium containing 20 µl of 3-(4, 5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) (5 mg/ml) and incubated for 2 hrs at 37°C. The solution was discarded, and 100 µl of DMSO was added to each well. The absorbance was measured at 595 nm using a microplate reader (Labsystems, Finland).
Triglyceride quantification
To examine triglyceride levels, cells were treated with BR and GBR extracts at concentrations of 0.1, 0.5 and 1.0 mg/ml, starting from the initiation of differentiation until day 9, as described above. The triglyceride contents were estimated by a commercial triglyceride assay kit (Triglycerides liquicolor mono , Germany) as compared to untreated cells. GABA (1 mg/ml) and caffeine (0.1 mg/ml) were used as the positive controls. Briefly, the adipocytes were lysed in lysis buffer (Tris-HCL 25 mM, EDTA 1 mM, pH 7.4) by using a sonicator (Evan et al., 2000) and the triglycerides were then hydrolyzed with lipases. The product, quinonemine, formed from hydrogen peroxide, 4-aminoantipyrine, and 4-chlorophenol under the catalytic influence of peroxidase, was measured by absorbance at 500 nm. The amount of total protein was calculated with a BCA protein assay kit (Thermo, USA) and normalized to triglyceride contents.
mRNA expression measurement by quantitative real-time PCR (qPCR)
After incubating the cells for nine days (from the start of differentiation) in BR and GBR extracts, total RNA was extracted from 3T3-L1 adipocytes using Ribozol reagent, according to the manufacturer's instructions (AMRESCO, USA). RNA samples (1 µg) were reverse-transcribed to the complementary DNA using the random primer and MMLV reverse transcriptase (Promega, Madison, WI, USA). The mRNA expression was measured by qPCR using SYBR Green (RBC Bioscience, Taiwan). The primer sequences are shown in Table 1 . The reaction mixtures were incubated for an initial denaturation at 95°C for 10 min, followed by 40 PCR cycles. Each cycle was performed at 95°C for 30 seconds, 58°C for 30 seconds, and 72°C for 30 seconds (ESCO Swift TM Real-Time PCR Thermal Cyclers, Singapore). The comparative C T method (2 -ΔΔCT ) was used to measure relative mRNA expression, and the expression was normalized to β-actin. The expression of each different mRNA in the untreated cells was designated as 1, and the relative levels of transcripts in treated samples were expressed as the fold change. Two independent experiments were performed, each in triplicate.
GABA and γ-oryzanol determination
The GABA and γ-oryzanol contents in the BR and GBR extracts were measured by the Central Laboratory (Thailand) Co., Ltd. The GABA content was measured by Gas Chromatography (GC) (Agilent Technologies 6890 N; column: Phenomenex USA Zebron 10m x 0.25mm x 0.25m) -Mass Selective Detector (MSD) (Agilent Technologies 5973 inert USA) method as described by Herbert et al. (2000) and Iwaki and Kitada (2007) . The γ-oryzanol content was determined by High Performance Liquid Chromatography (HPLC) technique based on Wihong et al. (2014) . Table 1 . Primer sequences used in qPCR.
Gene
Forward primer (5'-3') Reverse primer (5'-3')
Statistical analysis
Values were expressed as mean ± standard deviation (S.D.). One-way analysis of variance (ANOVA) and t-test were used for multiple comparisons. Treatment effects were analyzed using Tukey's multiple range tests by SPSS 17.0 software. Differences were considered significant with P <0.05.
RESULTS
Cell viability
BR and GBR extracts from both cultivars at various concentrations (0.1, 0.5, and 1.0 mg/ml) showed no cytotoxicity effect on 3T3-L1 cells (Figure 1 ). Triglyceride levels BR and GBR extracts from both rice cultivars significantly decreased (P<0.05) intracellular triglyceride levels in 3T3-L1 adipocytes (Figure 2A and 2B) in a dose-dependent manner. Figure 2C shows the results of the positive controls, caffeine (0.1 mg/ml) and GABA (1 mg/ml); both significantly reduced triglyceride contents in adipocytes compared to the control group (P<0.05). Cells were treated with rice extracts from PL2 (A), KDML105 (B) cultivars (0.1, 0.5, and 1.0 mg/ml), GABA (1.0 mg/ml), and caffeine (0.1 mg/ml) (C) for nine days. Triglyceride levels were determined by Triglyceride kit assay.
Note: *P<0.05, #P<0.05 compared to control of BR and GBR treatments, respectively.
GABA and γ-oryzanol contents
In both cultivars, GBR contained more GABA than BR, while GBR contained less γ-oryzanol than BR (Table 2) . 
mRNA expression of adipogenic, lipogenic, and lipolytic genes
The results examined by qPCR showed that the mRNA expression of adipogenic transcription factors (PPARγ, C/EBPα, C/EBPβ, and C/EBPδ) in 3T3-L1 cells treated with BR and GBR from PL2 ( Figure 3A ) and KDML105 ( Figure 3B ) cultivars decreased significantly compared with the control (P< 0.05). The treatments also suppressed the expression of lipogenic genes FAS, LPL, aP2, ACC1, and ACC2) (Figure 3) . However, the expression of lipolytic genes ATGL and HSL increased significantly in treated cells as compared to untreated control cells (P< 0.05) (Figure 4) . mRNA expression of adipocytokines BR and GBR extracts significantly decreased mRNA expression of proinflammatory cytokines (TNF-α and IL-6) in mature adipocytes (P<0.05) (Figures 5A and 5B ). In addition, adiponectin mRNA expression was significantly up-regulated (P<0.05) ( Figure 5C ).
mRNA expression of antioxidant genes
The expression of antioxidant genes (SOD2, GPx4 and CAT) increased significantly (P<0.05) in adipocytes treated with BR and GBR extracts of both PL2 and KDML105 cultivars ( Figure 6 ). 
mRNA expression of a preadipocyte gene
The expression of Pref-1, a preadipocyte gene, in untreated 3T3-L1 adipocytes was gradually down-regulated during adipocyte differentiation (0-19 days) from day 7 (Figure 7) . However, when treated with 1 mg/ml GBR of KDML105 cultivar, its expression increased significantly (P<0.05) from day 13 until differentiation ended (Figure 7) . 
DISCUSSION
This study examined the effects of brown rice and germinated brown rice extracts of PL2 and KDML105 Thai rice cultivars on adipocyte differentiation. These effects were in the absence of any influence on cell viability as tested by MTT assay. We also investigated the molecular mechanisms of BR and GBR extracts on adipocyte differentiation through analyzing mRNA expression of genes known to be associated with adipogenesis, lipogenesis, lipolysis, and inflammation, as well as oxidative status by quantitative real-time PCR.
The results showed that mRNA levels of adipogenic transcription factors C/EBPα, C/ EBPβ, C/EBPδ, and PPARγ were significantly down-regulated in a dose-dependent manner in adipocytes treated with both BR and GBR extracts. These adipogenic transcription factors can regulate each other (Evan et al., 2011) and control the expression of lipogenic genes, such as SREBP-1c, FAS, ACC, aP2, and LPL (Wu et al., 1996; Lee et al., 2007) , which has been implicated in the differentiation of preadipocytes to mature adipocytes. As expected, mRNA expression of lipogenic genes, including SREBP-1c, FAS, ACC1, ACC2, aP2, and LPL, were suppressed in a dose-dependent manner (P<0.05) in adipocytes treated with BR and GBR extracts. We also showed that BR and, to a greater extent, GBR significantly activated mRNA expression of the lipolytic genes ATGL and HSL; this can reduce lipids in 3T3-L1 adipocytes.
Adipocytes produce several adipocytokines, including leptin, visfatin, resistin, adiponectin, and proinflammatory cytokines, such as TNF-α and IL6 (De Silva et al., 2011) . Paul and Wood (2004) reported that TNF-α and IL6 have inhibitory effects on insulin signaling pathways, causing insulin resistance. Previous studies found that TNF-α activated IL6 production (Chiellini et al., 2002) and inhibited the synthesis of anti-inflammatory cytokines, such as adiponectin and visfatin (Fernández-Sánchez et al., 2011) . Therefore, decreasing proinflammatory and/or increasing anti-inflammatory cytokines may improve insulin sensitivity. Wang et al. (2010) showed that treating type 2 diabetic rats with BR and GBR increased adiponectin and reduced blood sugar levels. In this study, mRNA expression of both TNF-α and IL6 decreased, while adiponectin increased in cells treated with BR and GBR extracts of both rice cultivars. This could potentially improve insulin sensitivity, although this needs further study.
BR and GBR contain several antioxidants, including γ-oryzanol, phytic acid, ferulic acid, phenolics, and flavonoids, that might have effective antioxidant effects (Kaukovirta et al., 2004; Patil and Khan, 2011) . A recent study demonstrated that BR and GBR extracts of Malaysian local rice increased the activity of antioxidant enzymes (SOD and GPx) in rabbits (Mohd Esa et al., 2013) . In agreement with our study, BR and GBR extracts can up-regulate mRNA levels of SOD2, GPx4, and CAT in 3T3-L1 adipocytes.
In addition to adipocyte genes, we also examined the effect of BR and GBR extracts on a preadipocyte gene, Pref-1. Pref-1 is a novel member of the epidermal growth factor (EGF)-like family of proteins (Hudak and Sul, 2013) ; it is a marker for preadipocyte. It is believed to negatively regulate adipocyte differentiation through MEK-ERK and SOX9 signaling pathways, leading to inhibition of adipogenesis (Wang et al., 2010) . Thus, the temporary up-regulation of Pref-1 expression might play an imperative role in adipogenesis (Jing et al., 2009) . Our results showed that the basal expression of Pref-1 was abundant in preadipocytes and down-regulated at day 7. However, when cells were treated with GBR extracts of KDML105 cultivar from the start of differentiation, Pref-1 mRNA expression was stable throughout differentiation. These results suggest that restoring Pref-1 mRNA expression by GBR extracts may affect adipocyte differentiation, although this needs further study.
We extracted BR and GBR using a methanol-based method described by Ho et al. (2012) to generate rice grain extracts with significant amounts of bioactive compounds, including GABA, phenolics, and γ-oryzanol. We demonstrated that both BR and GBR methanol extractions reduced lipid accumulation in 3T3-L1 adipocytes, in agreement with Ho et al. (2012) . Ho et al. (2012) speculated that bioactive compounds, such as GABA, vitamin E, and γ-oryzanol, played a role in improving lipid metabolism, although they were not able to clearly identify the bioactive components in the extraction. We analyzed 70%-methanol extractions from BR and GBR ( Table 2 ) and found that GBR had more GABA than BR, but less γ-oryzanol; this was inconsistent with Imam et al. (2012) . This may be due to the sample preparation during germination and/or dehusking. Nicolaysen et al. (2007) found GABA receptors in the adipocytes and Ohara et al. (2011) suggested these may modulate adiponectin levels via vagal systems. We used GABA as a positive control and it significantly decreased triglyceride contents (Figure 2 ), although we do not fully understand its mechanism of action.
γ-oryzanol has been shown to directly enhance adiponectin secretion in adipocytes, partly via suppressing NF-κB activation (Nagasaka et al., 2007; Ohara et al., 2009 ). Minatel et al. (2016) studied the anti-obesity effect of γ-oryzanol and showed that γ-oryzanol down-regulated the expression of adipogenic transcription factors, such as PPARγ and C/EBPs; this inhibited mature adipocyte differentiation. In addition, Ho et al. (2013) speculated that γ-oryzanol, which remarkably increased in GBR during germination, has anti-adipogenic effects by decreasing the mRNA expression of FAS. These results suggest that GABA and γ-oryzanol may play a vital role in adipogenesis. Other bioactive compounds present in the rice extracts, such as α-tocopherol, kaempferol, vanillin, fisetin, ferulic acid, and phytic acid (Partil and Khan, 2011; Imam et al., 2016) , may synergistically potentiate the effects of GABA and γ-oryzanol.
We propose that the molecular mechanism of BR-and GBR-mediated effects on adipogenic, adipocytokine, and antioxidant-related genes in 3T3-L1 adipocytes may occur via multiple pathways (Figure 8 ), including regulating adipocyte differentiation, adipocytokine production, and oxidative status. The modulation of adipogenic, adipocytokine, antioxidant, and preadipocyte gene expression by BR and GBR treatments of both PL2 and KDML105 cultivars may help reduce obesity. 
CONCLUSION
This study demonstrated that BR and GBR extracts of PL2 and KDML105 Thai rice cultivars disturbed 3T3-L1 adipocyte differentiation by reducing lipid contents through downregulating adipogenic and lipogenic gene expression, as well as up-regulating the expression of lipolytic and antioxidant genes. In addition, they activated expression of adiponectin and inhibited proinflammatory cytokine genes. Thus, BR and GBR extracts may help reduce obesity.
